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he  gallium-arsenic  bond,  in  polymeric  form,  is_expected  to  exhibit 


anisotropic  conductivity  by  virtue  of  an  extended  system,  isoelec- 
tronic  with  polyacetylene^  Despite  this  potential  and  the  current  in- 


Co/ i( 


terest  in  gallium  arsenide  as  a  semiconductor,  knowledge  of  organogal- 

2 

lium-arsenic  synthetic  chemistry  was,  until  recently,  restricted  to  the 

3 

work  of  Coates  et  aT  in  the  1960's.  Coates  used  an  alkane  elimination 
reaction  (Eq.l)  to  prepare  monoars inogal lanes  and  showed  that,  in  common 


R.AsH  +  GaMe.  -*•  1/n  (R  AsGaMe  )  +  CH. 

c  o  z  i  n  4 


R  *  Me;  n  *  3 
R  *  Ph;  n  *  2 


with  most  Group  13(IIIA)-Group  15(VA)  compounds,  intermolecular  As  -*  Ga 
bonding  to  form  four-coordinate  gallium  and  arsenic  dominates  the  struc¬ 
tural  properties  of  these  compounds.  In  principle,  intermolecular  as¬ 
sociation  can  be  suppressed  by  introduction  of  bulky  substituents. 
However,  in  our  hands,  the  yield  of  arsinogal lanes  prepared  by  the  above 
alkane  elimination  (Eq.l)  decreased  to  the  point  of  impracticality  as 
the  steric  bulk  of  the  substituents  was  increased.  Here  we  report  the 

4 

successful  syntheses  of  sterically  hindered  arsinogallanes  using  a 
lithium  arsenide  (Eq.2-5),  and  the  crystal  structure  of  tris(di- 


eiai. 


1 


IDiat 


mesitylarsino)gallane  (£) .  The  latter  appears  to  be  the  first  proven 
example  of  a  monomeric  tricoordinate  13-15  compound  of  the  second  and 
higher  row  elements. 


RgAsLi 

«■  GaCl. 

3 

1/n  (R.AsGaCl„)  *•  LiCl 

2  2  n 

(2) 

RgAsLi 

♦  Me2GaCl 

1/n  (R  AsGaMe.)  ♦  LiCl 

2  2  n 

(3) 

2R2AsLi 

+  GaClg 

l/n[(R<3As)2GaCl]n  2L1C1 

(4) 

3R2AsLi 

♦  GaCl 

3 

-♦ 

(R  As)  Ga  +  3LiCl 

3  o 

(5) 

R 

« 

mesityl 

Heating  dimesitylarsine  with  1  equiv.  of  n-butyl  lithium  in 
ligroin  at  40-50*C  for  0.5  h  afforded  lithium  dimesitylarsenide  (2)  as  a 

OS 

yellow  precipitate  in  96*  yield.  Treatment  of  GaCl„  with  1  equiv.  of  2 

o  B 

in  benzene  (3  days,  25*C),  filtration,  then  fractional  crystallization, 

gave  90*  of  (Mes-AsGaCl.)  as  a  white  crystalline  solid,  mp  145-146"C 
2  2  n 

(dec.).  Treatment  of  GaClg  with  2  equiv.  of  2  in  benzene  (2  days, 

25*C) ,  filtration,  and  recrystallization,  gave  67*  of  [(Mes  As)  GaCl] 

«  £  n 

as  a  yellow  solid,  mp  119-123*C  (dec.).  Reaction  of  GaClg  and  3  equiv. 

of  2  in  benzene  for  3  days  at  25#C,  filtration,  then  fractional 

crystallization,  yielded  38*  of  ^  as  an  orange  solid,  mp  178°C  (dec.). 

Treatment  of  Me  GaCl  with  1  equiv.  of  2  in  benzene  (4  days,  25*C), 

2  * 

filtration,  and  recrystallization,  gave  68*  of  (Mes.AsGaMe. )  as  a  white 

2  2  n 

solid,  mp  200*C  (dec.).  Lack  of  suitable  crystals  and  the  limited 
solubility  of  the  mono-  and  bisarsinogal lanes  (Eq.  2-4)  prohibited 
determination  of  their  degree  of  association. 

5 

The  structure  of  determinined  by  single-crystal  x-ray  analysis  , 
is  illustrated  in  Figure  1,  with  selected  bond  lengths  and  bond  angles 
listed  in  Table  1.  The  gallium  atom  is  bonded  to  the  three  arsenic 
atoms  in  a  trigonal  planar  configuration,  and  positioned  0.149  A  out 


of  the  plane  formed  by  the  three  arsenic  atoas.  The  Ga-As  bond  lengths 

at  2.498(1)  2.508(1)  and  2.470(1)  A  are  all  shorter  than  the  aean  Ga-As 

single  bond  length  of  2.524  A  found  in  the  4-coordinate  diaer, 

2c 

(R.AsGaPh, )0 ,  R*CH-SlMe_.  The  aean  As-C  bond  length  and  C-As-C  bond 

2  2  2  2  3 

angle  at  1.977  A  and  105.1*,  respectively,  are  sinilar  to  the  values  of 

•  0 

1.976  A  and  108*  observed  in  Mes  As.  However,  the  geometry  at  the 

O 

arsenic  atoas  is  considerably  distorted  from  tetrahedral  with  Ga-As-C 
angles  ranging  from  93.1(1)*  to  112.1(1)*.  The  dimesitylarsino  groups 
are  oriented  as  staggered  propeller  blades  when  viewed  down  the  Ga-As 
bonds.  The  dihedral  angles  between  the  normal. to  the  plane  through  the 
arsenic  atoms  and  those  through  the  arsenic  lone  pair-As-Ga,  which 
reflect  the  extent  of  As  lone  pair-Ga  4p  orbital  overlap,  are  58*,  86*, 
and  52*.  respectively,  for  As(l),  As(2),  and  As(3). 

The  gallium  and  arsenic  atoms  are  efficiently  shielded  from  inter- 
molecular  associations  by  the  bulky  mesityl  substituents.  In  addition 
to  the  outward  extension  of  the  mesityl  groups  from  the  Ga-As  core, 
planes  through  C(17),  C(27),  C(39')  and  through  C(19'),  C(29’),  C(37) 

lie  approximately  parallel  to,  but  on  opposite  sides  of,  the  As  atom 

•  • 

plane.  The  shortest  Ga...H  distances,  at  2.58  A  and  2.47  A,  involve 
respectively  C(17)  and  C ( 37 )  methyl  group  hydrogens  and,  accordingly, 
there  is  no  evidence  for  any  Ga-H  bonding  interaction. 

The  electronic  spectrum  of  ^  exhibits  bands  at  224nm  (e  34,400)  and 
276  no  (c  17,900).  The  long-wavelength  band  can  be  assigned  to  an  As  •+ 

TT  CT  transition,  based  on  studies  of  mesitylarsines  and  the  same 

7 

assignment  to  the  276  nm  band  of  Mes^As.  However,  unlike  the  latter 
compound  and  4-coordinate  ars inogal lanes ,  ^  is  bright  orange  due  to 
tailing  of  the  276  nm  band  into  the  visible  region.  This  tailing  is 

3 


tentatively  attributed  to  a  partly  obscured  lower  intensity  As  •*  Ga  CT 
transition,  although  perturbation  of  the  As  ^  n  transition  resulting 
from  reduction  of  the  ionization  potential  of  the  As  lone  pair  electrons 
by  steric  strain  cannot  be  ruled  out. 

In  summary,  the  coupling  reaction  of  a  lithium  arsenide  with  gal¬ 
lium  halides  provides  a  useful  method  for  the  preparation  of  Ga-As  com¬ 
pounds.  Arsinogal lanes  containing  large  substituents,  including  bisar- 
sino-  and  trisarsinogallanes ,  can  be  prepared.  Permesitylation  serves  to 
suppress  intermolecular  As  -»  Ga  association,  although  the  bond  lengths 
and  angles  of  ^  suggest  steric  effects  minimize  the  ground  state  in¬ 
teraction  of  the  As  lone  pair  electrons  and  the  vacant  Ga  4p  orbital. 
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igure  1.  ORTEP  Drawing  of  Tris(dimesitylarsino)gallane 
(hydrogen  atoms  have  been  omitted  for  clarity) 


Tgtde  Selected  Bond  Lengths  and  Bond  Angles  of  Tris(dimesityl- 
arsino )gal lane ,  with  Estimated  Standard  Deviations  in 
Parentheses . 


Bond  Lengths 

(A) 

Bond  Angles 

(deg. ) 

Ga-As (1) 

2.498(1) 

As(l)-Ga-As(2) 

117.59(2) 

Ga-As(2) 

2.508(1 ) 

As ( 1 )-Ga-As (3 ) 

124.37(2) 

Ga-As(3) 

2.470(1) 

As(2)-Ga-As(3) 

116.97(2) 

As(l)-C(ll) 

1.978(3) 

Ga-As (l)-C(ll ) 

112.1(1) 

As(l)-C(ll') 

1.976(3) 

Ga-As(l)-C(ll ' ) 

93.1(1) 

As ( 2 ) -C ( 21 ) 

1.983(3) 

C ( 1 1 ) -As ( 1 ) -C ( 1 1 ' ) 

105.3(1) 

As (2)-C(21 ' ) 

1.983(4) 

Ga-As(2)-C(21 ) 

110.8(1) 

As (3) -C (31) 

1.970(3) 

Ga-As(2)-C(21 ' ) 

98.3(1) 

As  (3)-C(31 1 ) 

1.975(3) 

C(21)-As(2)-C(21 ’ ) 

104.5(1) 

Ga-As (3)-C (31 ) 

106.6(1) 

Ga-As(3)-C(31 ' ) 

108.2(1) 

C(31 ) -As ( 3 )-C (31 ' ) 

105.4(1) 

Abstract 


Cr 

Four  *000-,  bis-,  and  trisarsinog&llanes  were  prepared  fro*  the 
reaction  of  lithium  dimesitylarsenide  with  gallium  chlorides.  One  of 
these,  tris(dimesitylarsino)gallane,  (Mes^As^Ga  (^) ,  was  characterized 
by  single  crystal  x-ray  analysis  and  shown  to  be  the  first  example  of  a 
monomeric  tricoordinate  gallium-arsenic  compound.  Orange  crystals  of^ 

_  e 

belong  to  the  triclinic  system  space  group  PI*  with  a  *=  12.702(1)  A,  b 

~  ) 

O  ©  / 

17.500(2)  A,  C  -  11.810(2)  A,  a  -  103 . 44jlJ-V  B  *=  102.79(1)',  Y  = 

•  3  s'u- 

77.79(1)®,  V=2454.2  A  ,  Z  «  2.  ^The  gallium  atom  is  bonded  to  the  three 

arsenic  atoms  in  a  trigonal  planar  configuration. [Ga-As  *  2.498(1), 

2.508(1),  and  2.470(1)  A;  As~Ga-As  *  117.59(2),  124.37(2),  and 

0 

116.97(2)®],  and  lies  0.149  A  out  of  the  plane  through  the  As  atoms. 

r  ’ 

The  color  of^L  is  the  result  of  tailing  of  a  276  nm  CT  band  into  the 
visible^ 
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